Interregional tracing of trends and events in the biotic evolution is an important task of modern palaeobiology. In Soviet times , numerous palaeontological data have collected for the territory of Russia and neighbouring U.S.S.R. countries. Later, these data were compiled and published in a series of reference volumes. Although this information cannot be updated in a conventional way, it remains valuable for quantitative analyses, particularly because of its comprehensive and unique character. Assessment of the previously collected data on the stratigraphic distribution of Middle Devonian-Mississippian marine invertebrates in three regions of central Asia (central Kazakhstan, Uzbekistan and Tajikistan) reveals some general patterns of biodiversity dynamics. The total number of genera generally declined during the Givetian-Famennian, whereas a remarkable diversity peak occurred in the Visean. This is consistent with the global pattern and, thus, permits to hypothesize a regional signature of the global trends. Changes in the extinction rate differ, however, between central Asia and the Earth in its entirety, which may be explained particularly by biases in either the regional or the global records. Evidence of the Givetian and Frasnian/Famennian mass extinctions is found in the three regions under study. Results of this tentative study indicate important directions for further research and suggest that central Asia is a highly important domain for studies of mid-Palaeozoic biodiversity dynamics.
Introduction
Quantitative assessment of biodiversity remains the principal direction of modern palaeobiology. It allows to recognize both some main evolutionary trends and key events (radiations, mass extinctions, major turnovers, etc.) in the history of life. The studies by Sepkoski et al. (1981) , Sepkoski (1993) , Benton (2001) , Peters & Foote (2001) , and Purdy (2008) demonstrated the efficacy of this approach on a global scale. However, the reconstructed patterns of palaeobiodiversity dynamics require an accurate interregional tracing. This is the case, for example, for the Frasnian/Famennian mass extinction, which is well-documented (Raup & Sepkoski, 1982; Buggisch, 1991; McGhee, 1996; Hallam & Wignall, 1997; House, 2002; Purdy, 2008) , but still lacks an adequate place in the context of different palaeogeographical domains (Racki, 2005) .
When analysis of new palaeontological data contributes to the quantitative assessment of palaeodiversity, older -possibly partly outdated -data from poorly known regions should not be abandoned. In the former U.S.S.R, a huge amount of high-quality (by the then standards) information about the stratigraphic distribution of fossils had accumulated. An important tradition of the Soviet time geoscience was the publication of compilations of the available geological and palaeontological data under supervision of top professionals. Examples of such compilations are the dozens of volumes in the series 'Geology of the USSR', 'Stratigraphy of the USSR', etc., as well as numerous descriptive notes supplied to geological maps and stratigraphical correlations tables that were published with open access. They have remained inaccessible for the international scientific community, however, because of their publication in Russian. These publications should nevertheless still be regarded as precious sources of information, ready for palaeobiological assessment.
Unfortunately, part of these compilations are now partly outdated. As they contain only taxonomic lists without descriptions and illustrations, it seems difficult, if possible at all, to check the correct identification of specimens and -if necessary -to improve them. It might be argued that any new analysis of these old data will produce just a noise, but such a judgment seems unjustified. The comprehensiveness of the compilations and their contents of high-quality data, which would otherwise never be updated, requires consideration of the question whether they should not deserve to become included in present-day studies. Of course, many other monographs and compendia including taxonomic descriptions and illustrations were published in Soviet times (e.g., Morozova, 1970; Grunt & Dmitriev, 1973) , but there is no guarantee that they include all taxa from the above-mentioned compilations, and relationships between the various information sources can therefore not always be traced. One might thus state that comprehensive publications without taxonomic descriptions and illustrations on the one hand and palaeontological monographs on the other hand are different sources of information for palaeobiodiversity investigations. Specialists in the systematics and palaeobiology of particular fossils groups will, indeed, prefer 'classical' monographs, but more general palaeobiologists should not leave the other compilations unstudied.
The present contribution has two objectives. First, it aims at demonstrating a possible way to use the palaeontological data from Soviet time. Second, it provides an example of such an analysis, which deals with information on Middle Devonian to Mississippian (397.5-318.1 Ma) marine invertebrates from central Asia, more specifically central Kazakhstan, Uzbekistan and Tajikistan (Fig. 1) . This example will show that these partly outdated data can help to recognise regional signatures of global trends and events.
Geological setting
The palaeontological information considered in the present contribution characterizes a large region delimited by political boundaries. It is thus related to particular countries, rather than to geological domains. It should be noted, however, that the occurrence of most of the Middle Devonian-Mississippian fossils treated in the present analysis are connected in the original data sources to major tectonic structures, which simplifies the task of geological delineation of the study area. Geographically, the study area embraces the central part of Kazakhstan and entire Uzbekistan and Tajikistan (Fig. 1) . Geologically, this territory is highly diverse and it comprises several structural domains; the most important ones are the Kazakh terranes, the Tien Shan (western part), and the Pamirs. Devonian and Carboniferous deposits, both marine and terrestrial, are extensive (Zhamojda, 1968; Nalivkin et al., 1973; Baratov, 1976; Tuljaganov & Jaskovitch, 1980; Bespalov & Kostenko, 1981a,b; Orlov & Bespalov, 1981) . The various units have different lithologies, thickness, and facies ( Fig. 2) . Generally, these deposits are mixed siliciclastics, carbonates (less frequent), and volcanics/volcaniclastics in the MiddleUpper Devonian interval and carbonates with some siliciclastics in the Mississippian interval. The proportion of carbonates increases southwards, and this lithology dominates the entire Middle Devonian-Mississippian succession in the central Pamirs. Unfortunately, the lack of appropriate plate-tectonic reconstructions (see below) prevents the precise reconstruction in time and space of the sedimentary and palaeogeographical development of central Asia.
Regarding palaeotectonics, central Asia is a heterogenous region. The available plate-tectonic reconstructions (Şengör & Natal'in, 1996; Kalvoda, 2002; Bazhenov et al., 2003; Stampfli & Borel, 2002; Buslov et al., 2004; Scotese, 2004; Torsvik & Cocks, 2004; Ruban et al., 2007; Abrajevitch et al., 2008; Biske & Seltmann, 2010) leave some uncertainty with respect to their nature, which is especially well-demonstrated in the syntheses by Torsvik & Cocks (2004) and Ruban et al. (2007) . The nomenclature of terranes is yet to be developed, and even an approximate relative position of tectonic blocks in the mid-Paleozoic remains debated or simply unclear. It seems that central Kazakhstan, Uzbekistan, and Tajikistan constitute collages of terranes (many are small in size), which formed gradually through the Paleozoic-Mesozoic. The Kazakh terranes were a particular tectonic domain, whereas many other terranes were parts of terrane chains (like Hun, Cimmeria) delivered from the Gondwanan margin of the Tethyan oceans (Proto-Tethys, Palaeo-Tethys, Neo-Tethys) to the Laurussian margin. In the Fig. 2 . Chronostratigraphy of the Middle Devonian-Mississippian interval (after Ogg et al., 2008) and correlation of some representative composite sections of central Asia (regional stratigraphic data are taken from Baratov, 1976; Tuljaganov & Jaskovitch, 1980; Orlov & Bespalov, 1981) . Thickness (in metres) is indicated to the right of the columns.
Middle Devonian-Mississippian, the Kazakh terranes were situated between the KhantyMansi, Asiatic and Palaeo-Tethys oceans. Some other terranes were probably already attached to Laurussia, whereas others were still anchored in the vicinity of Gondwana.
Material and methods
The Soviet-time palaeontological compilations often look like stage-by-stage or formation-by-formation lists of taxa (either all known or the most common). It should be noted that commonly no occurrence of a particular taxon is mentioned for a particular section. Although this complicates the stratigraphical and 'pure' palaeontological use of these compilations, these regional datasets are advantageous rather than disadvantageous for palaeobiodiversity assessments, as data from a relatively large region are evidently always more complete than those from an individual section. There are, however, also some pitfalls for the quantitative treatment of the Soviet-time palaeontological compilations.
First, the data are usually partly outdated in terms of both fossil systematics and stratigraphic framework. The absence of plates with fossil figures as well as of references to the original taxonomic descriptions and/or collections prevents checking of these data, and the only possible way is to use them 'as is', taking the possible uncertainties for granted. The stratigraphic framework can, fortunately, commonly be correlated with the modern chronostratigraphy.
Second, the data may be affected by 'artificial' taxonomy. The Soviet scientific community was largely isolated from the international community, and specialists didn't have free access to all publications and all collections in the western world. Consequently, some taxa received names different from those adopted by specialists from other countries, whereas some other taxa were subdivided with more or less precision than necessary. This problem was particularly typical for species, as suggested by the present author's experience with data revision, and it can be solved by considering only genera and higher taxa.
Third, although the Soviet-time palaeontological compilations generally do not suffer from sampling deficiencies (broad regionalscale palaeontological investigations were common during Soviet times), they may be incomplete. Two types of such incompleteness can be distinguished. The first type is, as mentioned above, that only common taxa were sometimes considered in the compilations. This may or may not be truly important in palaeobiodiversity assessments: as shown by Ruban (2005) , the very outdated and very incomplete datasets that record the most common fossils that were available already in the mid-19 th century, tend to allow recognition of some of the key trends and events in the Mesozoic biodiversity dynamics that are known today. The second type of incompleteness is related to the common impossibility to incorporate data from the compilations in data sets accumulated later. Additionally, biases linked to facies distribution and rock volume, which are common for many fossil records (e.g., Krug & Patzkowsky, 2005; Wall et al., 2009 ), cannot always be avoided.
The above-mentioned pitfalls diminish the usability of palaeontological information from the Soviet-time compilations, but do not imply that these compilations are not unique or can be re-placed by any comparable dataset. Obviously, no guarantee exists that all fossils of which the names exist in the compiled lists, can be re-sampled, because this is impossible or almost each palaeontological field study. The compilations thus should be considered as a basis for a peculiar type of assessment of biodiversity dynamics.
When the partly outdated data sets are used, however, without mentioning in how far are they outdated or correct, the measured changes in the fossil numbers can be treated for hypothetical models of biodiversity dynamics only. If the recorded pattern is consistent with that known from the global or any other well established regional record, it may be assumed that the 'old' data are not only principally correct, but also provide new evidence. If, on the other hand, no consistency is present, this means that either the data are invalid or a regional signature of a large-scale trend or event is absent. one should also keep in mind, however, that it is likely that global mass extinctions were heterogeneous in space, and that they thus might either appear in particular regions or not (Krug & Patzkowsky, 2007; Bonelli & Patzkowsky, 2008; Jablonski, 2008) . The interpretation of biodiversity dynamics on the basis of the Soviet-time palaeontological compilations therefore allows some hypotheses ( Fig. 3) which require further testing. These hypotheses may be crucial for interregional tracing of trends and events in the absence of other reliable evidences from major regions.
The present contribution deals with palaeontological data concerning the Middle Devonian-Mississippian marine invertebrates from central Kazakhstan, Uzbekistan, and Tajikistan. These data were originally published in descriptive notes to maps of the above territories by Baratov (1976) , Tuljaganov & Jaskovitch (1980) , Bespalov & Kostenko (1981a,b) , and Orlov & Bespalov (1981) . It is not the intention to include here all available palaeontological information from the study areas, but to give examples of the usability of the Soviet-time compilations. The five just-mentioned studies have been chosen at random. Exceptions are the volumes by Bespalov & Kostenko (1981a,b) and Orlov & Bespalov (1981) , which constitute a single dataset relevant to one region, but divided over three portions. Of course, other specialists might choose different compilations, and, if doing so, they might take advantage of the present contribution that provide them with a simple template for the purpose.
The distribution of genera per stage was compiled here from these sources 'as is', i.e., without corrections. A total of 338 genera from central Kazakhstan, 188 genera from Uzbekistan, and 141 genera from Tajikistan are considered in Appendices 1-3 of the abovementioned works, in which the occurrence of a genus in a stage is weighed with a value of 1.00. Some taxa occur in formations of which the age is defined as a range, e.g., Frasnian-Famennian. In such a case, an equal probability of genus occurrence in each stage of the given range is presumed. If a genus is indicated for a formation which is Frasnian-Famennian in age, the occurrence of this genus in the Frasnian is weighed with the value 0.5, and the same value is assigned to the Famennian. This probabilistic approach may bring some uncertainty but allows to deal with the original data properly. Two patterns are measured in this study. These include the total biodiversity dynamics, which is calculated as the total number of genera in the various stages, and the extinction rate, which is calculated as the number of genera that disappear in a stage and that do not reappear later during the studied time interval. It should be noted that this study deals with more or less true taxa extinctions, not temporary disappearances. As no data for the post-Mississippian are involved, the extinction rate cannot be measured for the Serpukhovian (see Ruban & Van Loon, 2007 , for an explanation). The regional patterns are further compared with the global ones that were recorded by Purdy (2008) , whose assessment of the global biodiversity dynamics at a generic level is based on the famous database by Sepkoski (2002) . This comparison makes it possible to hypothesize about a possible regional signature of global trends and events, taking into account all possible uncertainties in the available palaeontological data. Although the database by Sepkoski (2002) may be judged outdated, alternative constraints by Alroy et al. (2008) involve some other approach (data modelling), and it is consequently questionable whether these new palaeobiodiversity estimates are compatible with the results of a regional study like this.
The Soviet-time compilations used for the purposes of this study are based on a regional stratigraphic framework, which does not differ significantly from the modern chronostratigraphy detailed by Ogg et al. (2008) . The only major difference occurs in the late Mississippian. The stratigraphic intervals of the Visean and Serpukhovian stages mentioned here may be slightly different from the time intervals of these stages in the modern geological time scale.
Results
The available data allow to hypothesize about significant changes in the total diversity of marine invertebrates during the Middle Devonian-Mississippian in central Asia ( Fig.  4; Table 1 ). A slight increase in the number of genera in the Givetian, followed by a similarly weak decline in the Frasnian-Famennian and a diversity peak in the Tournaisian-Visean, are found for central Kazakhstan. Comparable developments are found for Uzbekistan and Tajikistan, but with some exceptions: in none of these two regions, the Givetian shows a rise in diversity, and in Tajikistan the marine fauna began to radiate already in the Famennian, and not in the Tournaisian as in central Kazakhstan and Uzbekistan. Such a similarity of three regional curves delineated on the basis of different datasets itself implies a reliable reconstruction. The global changes in marine biodiversity through the same time interval include an Eifelian-Famennian decline in the total number of genera and a Visean diversity peak (Purdy, 2008) . This pattern roughly matches the regional biodiversity dynamics measured with the Soviet-time data from central Asia (Fig. 4) . The only principal difference concerns the proportions of the curves. Whereas the Visean diversity of marine invertebrates exceeds more or less significantly that of the Givetian in central Kazakhstan, Uzbekistan and Tajikistan, the global data (Purdy, 2008) indicate a compa- rable number of genera for these time intervals (Fig. 4) . The above considerations allow an interpretation of the regional evidence from the central Asian regions on the basis of the above-mentioned conceptual assumptions (Fig. 3) . The similarity of the regional biodiversity dynamics with the global one allows to hypothesize that even partly outdated palaeontological data can indicate a regional signature of the global patterns. This implies that the fossil records of central Kazakhstan, Uzbekistan and Tajikistan are potentially very important for tracing trends and events in the Middle Devonian-Mississippian dynamics of the marine invertebrate biodiversity.
The available data also allow to hypothesize about not less strong and even more frequent changes in the extinction rate among marine invertebrates in central Asia during the Middle Devonian-Mississippian ( Fig. 5 ; Table 2 ). In Central Kazakhstan, the peaks of extinctions were reached in the Frasnian and the Tournaisian. In Uzbekistan, such peaks are found for the Givetian, the Famennian, and the Visean. In Tajikistan, only one peak occurs, viz. in the Frasnian, preceded by a very high extinction rate in the Givetian. The compiled Soviet-time palaeontological data from central Asian regions therefore do not allow to identify any common pattern of the extinction rate. In the global record, the number of extinctions was highest in the Frasnian, and it remained high in the Famennian before it accelerated further the Visean (Purdy, 2008) . Such a pattern does not match completely any regional pattern (Fig. 5) . the lack of consistency of the involved curves leads to several hypothesis (Fig. 3) . A weak (if (2008), whose measurements are based on data compiled by Sepkoski (2002) . See Figure 4 for abbreviations of regions and stages. any) appearance of the global trends and events cannot be explained by palaeoenvironmental specificity, because the same specificity would restrict in this case a regional appearance of the total biodiversity changes. It is more likely that either the global diversity dynamics of marine invertebrates during the Middle DevonianMississippian had a mechanism (balance between new appearances and extinctions) that was different in space -i.e., biodiversity changes were spatially complex in terms of Jablonski (2008) or the regional data are so biased that they do not allow a correct interpretation. It is worth mentioning here that the extinction rate is difficult to be reconstructed correctly (e.g., Boucot, 2006) , and thus an incorrect picture of both the regional and global records cannot be excluded.
A particular feature of the Middle Devonian-Mississippian was a series of mass extinctions. This fact makes any new assessment of biodiversity dynamics for this time interval truly important. It may be true that it is justified that the Frasnian/Famennian catastrophe is the most well-known (Copper, 1977 (Copper, , 1986 Raup & Sepkoski, 1982; Becker et al., 1991; Buggisch, 1991; Wang et al., 1991 Becker & House, 1994 McGhee, 1996; Hallam & Wignall, 1997; House, 2002; Racki et al., 2002; Racki, 2005; Bambach, 2006; Purdy, 2008) , but two other biotic collapses should not be neglected. These took place during the Givetian (Taghanic) (Walliser, 1996; House, 2002) and the Devonian/Carboniferous; the latter is somewhat undervalued (Racki 2005) but nevertheless a true mass extinction (Hallam & Wignall, 1997; Caplan & Bustin, 1999; House, 2002) . The Soviet-time data from central Asia and the above-mentioned assessment of biodiversity performed on their basis (Figs. 4, 5) justify questioning the regional signature of these three events (Table 3 ). In the just-mentioned literature on these events, two kinds of evidence of a biotic collapse are considered, namely a decrease in the total diversity after the events (i.e., in the succeeding stage), and acceleration of the extinction rate contemporaneously with the event (i.e., in the same stage).
Our analysis supports the hypothesis that more or less clear evidence of the Givetian mass extinction is available from all central Asian regions under consideration here, being strongest for Tajikistan. The Frasnian/Famennian mass extinction is also recorded elsewhere, but somewhat weaker. It appears that this biotic catastrophe was the most severe in central Kazakhstan. The Devonian/Carboniferous event is not documented in the available datasets, although some weak indications of this event are found in Uzbekistan and Tajikistan. One should note, however, that the extinction rate revealed by the partly outdated data seems questionable (see above), and that the ultimate evidence in all cases is therefore the signal provided by changes in the total diversity of marine invertebrates. If only these changes are taken into account, one may conclude that the Givetian and the Frasnian/Famennian mass extinctions left an imprint, indeed, on the biotic evolution in central Asia. This evidence of these global events validates the analytical results of the partly outdated regional records and makes them potentially important for the global mapping of these mass extinctions.
The absence or weakness of the Devonian/ Carboniferous event in the regional records may by interpreted following one of four possible hypotheses suggested for such a case (see Fig. 3 ). It is sensible to add here that this event might have been a short-term phenomenon and that a stage-by-stage calculation as carried out here consequently does not document it. This hypothesis seems to be realistic, because the biodiversity curve proposed by Purdy (2008) , which has the same resolution as our regional curves, does not indicate any diversity decline linked with the Devonian/Carboniferous mass extinction. Purdy (2008) reports, however, a high extinction rate in the Famennian. It is worthwhile mentioning that the latter event has also been recorded by other studies (Racki, 2005 (Racki, , 2009 Bambach, 2006) .
Although the valuation of influences of regional factors and preservation peculiarities on palaeobiodiversity estimates is not on objective of the present contribution, it should be noted here that the relatively higher diversity in the Mississippian stages (Fig. 4) coincides with extensive carbonate deposition (Fig. 2) . If carbonate successions are more complete (because of palaeoenvironments favourable for both carbonate production and growth or better preservation of organisms), the evidence from Tajikistan seems to be the most realistic, because Middle Devonian-Mississippian sedimentary successions of this region are dominated by carbonates (e.g., Baratov, 1976) .
Discussion
The assessment of Middle Devonian-Mississippian biodiversity dynamics in central Asia on the basis of Soviet-time compilations led to the above hypotheses. The next question concerns the usability of these hypotheses. The similarity of the regional and global curves (Fig. 4) suggests that the global patterns left there signals also in central Asia. Taking into account the palaeotectonic position of these terranes (central Kazakhstan, Uzbekistan and Tajikistan) at the margins of three large oceans (Şengör & Natal'in, 1996; Kalvoda, 2002; Bazhenov et al., 2003; Stampfli & Borel, 2002; Scotese, 2004; Torsvik & Cocks, 2004; Ruban et al., 2007; Abrajevitch et al., 2008; Biske & Seltmann, 2010) , it may be presumed that the ecosystems of these oceans experienced the same biotic changes as elsewhere. Moreover, the mutual resemblance of the biodiversity-dynamics patterns in these regions (Fig. 4) implies the absence of significant differences in biodiversity dynamics between the northern and southern margins of the Palaeo-Tethys. The global signatures of the Frasnian/Famennian mass extinction were mapped by Racki (2005) . Evidence of this catastrophe comes from North America, western Europe, southern China and western Australia, but the remaining 'blank space' is still very large. The hypothesis about a regional signature of the Frasnian/Famennian event in central Asia therefore fills a huge gap in the palaeogeographical tracing of this mass extinction, even though some previous studies (e.g., Veimarn et al., 1997) already reported some relevant events. The Givetian mass extinction is less known, and our hypothesis about its regional signature in central Asia consequently supports its actual occurrence.
All above hypotheses require, obviously, further testing. Assessment of the Soviet-time palaeontological compilations provides just tentative regional evidence of biodiversity changes and mass extinctions, but it also indicates directions for further research. With new information about the possible presence/absence of global trends and events in particular regions, it is easier to focus future investiga-tions on similarities and discrepancies between the regional and global fossil records.
Conclusions
Soviet-time palaeontological compilations provide data that allow to perform (or to improve) analysis of palaeobiodiversity dynamics. Particularly, these data may facilitate interregional tracing of key trends and events by changes of the number of genera. When regional patterns are consistent with global ones, a regional signature of these trends and events can be hypothesized.
The assessment of the Middle DevonianMississippian biodiversity dynamics in three regions of central Asia on the basis of Soviettime compilations, which involve partly outdated palaeontological data, produces more than just noise. The results of the present study allow to hypothesize about a regional signature of the key global trends of changes in the number of marine invertebrates. Similarly, the results indicate the actual occurrence of the Givetian and Frasnian/Famennian events in central Asia; they thus contribute to their interregional tracing. Changes in the extinction rate are inconsistent if the regions under study are compared with the global data. No evidence of the Devonian/Carboniferous mass extinction is found regionally. All these results suggest directions for further research. Without hypotheses and assumptions (i.e., tentative biodiversity reconstructions) it will, even if the hypotheses will be confirmed only partly by future investigations, be difficult to assign valuable types of biodiversity-dynamics research to the three regions of central Asia. Veimarn, A.B., Kuzmin, A.V. & Vorontsova, T.N., 1997. Geologitcheskie 
